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ARTICLE INFO ABSTRACT

Emerging zoonotic diseases have become an increasing concern for global health due to
the rising incidence of pathogen transmission from animals to humans. The present
study aimed to comprehensively synthesize the current knowledge on zoonotic disease
outbreaks and transmission, with a specific focus on evaluating the role, applications,
advantages, and limitations of laboratory animal models in this field. A peer-reviewed
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check for for studies published between 2000 and 2026, supplemented by earlier pivotal studies.
updates The current study evaluated a range of models, including conventional, humanized, and
transgenic mice, hamsters, ferrets, guinea pigs, rabbits, non-human primates, and

emerging alternatives, focusing on their utility, strengths, and drawbacks for studying
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Emerging zoonotic disease

progression. The present study underscored the importance of animal models in the
Laboratory animal model

preclinical assessment of antiviral agents, vaccines, monoclonal antibodies, and

Pa'.chogenesis innovative therapeutic strategies. Recent outbreaks caused by pathogens such as SARS-
3p1119ver CoV-2, Nipah virus, H5N1 influenza virus, Mpox virus, Ebola virus, Marburg virus,
accine

hantavirus, and Crimean-Congo hemorrhagic fever virus have highlighted the urgent
necessity to enhance comprehension of zoonotic disease emergence and transmission.
The current challenges included species-specific differences, translational limitations,
reproducibility, and ethical considerations, as well as emerging alternatives such as
organoids, organ-on-chip platforms, and computational modeling, all of which were
addressed in the present findings. Integrating advanced animal models with One Health
approaches can strengthen disease surveillance and accelerate therapeutic
development.

1. Introduction

In recent years, emerging zoonotic diseases (EZDs)
have become one of the biggest threats to the global public
health community, given their increased prevalence,
broad geographical range, and substantial health and
economic impacts!. Zoonosis is any infectious disease that
is naturally transmitted between animals and humans,
and the majority of newly emerging infectious diseases
are in this category!. The emergence of pathogens such as
severe acute respiratory syndrome (SARS), Middle East
Respiratory Syndrome (MERS), Coronavirus Disease 2019

(COVID-19), Ebola virus disease, mpox, and highly
pathogenic avian influenza viruses has demonstrated the
detrimental effects of zoonotic pathogens on the
healthcare system, the economy, and international tradeZ.

The emergence of zoonotic pathogens is intimately
linked to increasing interactions among human
populations, domestic animals, wild animals, and the
environment!. Many pathogens are silent, circulating in
wildlife and crossing species boundaries to affect
humans3. Once spillover occurs, pathogens may adapt to
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their new hosts, leading to localized outbreaks or, in some
cases, global pandemics3. Consequently, preventing future
zoonotic infections would require a comprehensive strategy
that integrates human, animal, and environmental health, as
articulated in the One Health concept. There are various
interrelated environmental and anthropogenic factors
behind the emergence and spread of zoonotic infections?.
Climate change alters the distribution of wildlife reservoirs
and disease vectors, increasing the likelihood of pathogen
transmission in previously unaffected regions* Rapid
urbanization and population growth have intensified
contact between humans and wildlife by encroaching on
habitats, with deforestation and land-use changes further
disturbing natural ecosystems and facilitating spillover
events®. Moreover, legal and illegal trade in wildlife provides
an opportunity for pathogens to spread among various
animals, eventually reaching humansé. Increasing
international travel and globalization allow emerging
pathogens to spread rapidly across continents before
effective containment measures can be implemented®.
Agricultural intensification and high-density livestock
production promote pathogen amplification and evolution
by increasing contact among domestic animals, wildlife, and
humans’. These factors have made zoonotic disease
outbreaks frequent in recent decades.

Laboratory animal models are indispensable tools for
investigating the pathogenesis, transmission, and control of
EZDs8. Given that experiments involving humans are
restricted by ethical considerations, laboratory animal
models serve as effective systems for studying host-
pathogen interactions, immune responses, tissue pathology,
and disease progression®. In addition, laboratory animal
models help in understanding the mechanism of adaptation
and transmission of pathogens from one species to anothers.
Laboratory animals, including mice, hamsters, ferrets,
guinea pigs, rabbits, and non-human primates, have been
extensively used to study emerging zoonotic pathogens?0.
Genetic engineering techniques have enhanced the utility of
laboratory animals by introducing transgenic and
humanized animals that can simulate human susceptibility
to infection!?. Moreover, laboratory animal models remain
essential for the preclinical evaluation of vaccines, antiviral
drugs, monoclonal antibodies, and other therapeutic
interventions®. Despite their limitations, including species-
specific physiological differences and ethical concerns,
laboratory animals remain the cornerstone of experimental
infectious disease studies. Given the persistence of EZDs and
the increased likelihood of future epidemics, it is crucial to
understand the biology of these diseases and the
experimental models used to study them. The present study
aimed to summarize current knowledge on the
pathogenesis, transmission, and prevention of EZDs, while
emphasizing the pivotal role of laboratory animal models in
investigations of zoonotic diseases.

2. Search criteria

The present narrative review was conducted through a
literature search of PubMed, Scopus, Web of Science, and
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Google Scholar using combinations of keywords including
EZDs, zoonotic pathogens, spillover, pathogenesis,
transmission, laboratory animal models, animal models,
vaccines, antiviral therapy, and One Health, along with
pathogen-specific terms such as SARS-CoV-2, Nipah virus,
H5N1, Mpox, Ebola virus, and Marburg virus. Peer-
reviewed original research articles, review articles, and
relevant reports by established international health
organizations were considered. Recent literature from
2000 to 2026 was predominantly considered; however,
some landmark publications from earlier periods were
included when they provided seminal insights. Relevant
publications were selected based on their scientific
quality, alignment with the review's objectives, and
contribution to wunderstanding of zoonotic disease
pathogenesis, transmission, animal models, therapeutic
development, and prevention strategies. The retrieved
evidence was thematically synthesized to provide a
critical overview of EZDs and the current and future role
of laboratory animal models.

3. Overview of emerging zoonotic diseases
3.1. Definition and classification

Emerging zoonoses are new or rapidly spreading
diseases in a community caused by pathogens of animal
origin that can be naturally transmitted to humans?.
Complex interactions among environmental changes,
pathogen evolution, and human activities often drive the
emergence of zoonotic diseases!. The emergence of
zoonotic diseases usually begins with the spillover of
pathogens from their natural reservoirs into the human
population, either directly or via intermediate hosts!l.
Depending on the pathogen's ability to adapt to human
hosts, these events may result in sporadic infections,
localized outbreaks, or widespread epidemics and
pandemics!!. Zoonotic pathogens comprise a wide variety
of microorganisms, including viruses, bacteria, parasites,
and fungil2. The pathogens differ considerably in their
reservoirs, transmission routes, pathogenicity, and
epidemic potential. While some pathogens are maintained
primarily in wildlife populations, others circulate among
domestic animals before infecting humans?3.

3.2. Major categories of emerging zoonotic diseases

Viruses constitute the largest proportion of emerging
zoonotic pathogens and have caused most major
outbreaks recorded over the past few decades!4. The
highly mutable nature of these pathogens, their ability to
undergo genetic recombination and rapid adaptation to
new hosts, facilitates the crossing of species barriers and
establishment of human-to-human transmissionl4.
Wildlife species, particularly bats, rodents, and birds,
serve as important natural reservoirs for numerous
zoonotic viruses!>. Humans may become infected through
direct contact with animals, contaminated food, vector-
borne bites, or exposure to infected body fluids!!. Several
viral zoonoses, including coronaviruses, influenza viruses,
filoviruses, and hantaviruses, have demonstrated
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considerable pandemic potential and remain major
priorities for global public health!¢. Emerging bacterial
zoonoses continue to place a significant burden on human
and veterinary medicinel. Among the common bacterial
zoonoses are Brucella spp., Leptospira spp., Salmonella
spp., Campylobacter spp. and Bacillus anthracis!’.
Increasing antibiotic resistance in zoonotic bacteria
makes the treatment of such infections even more
difficult!’. Increasing antimicrobial resistance among
zoonotic bacteria has further complicated disease
management, underscoring the need for integrated
surveillance and antimicrobial stewardship across the
human and animal health sectors18. Parasitic zoonoses are
caused by protozoa, helminths, and ectoparasites that can
infect both humans and animals??. This transmission often
involves food or water contamination, insects, or
interaction with infected animals2. Important zoonotic
parasites include Toxoplasma gondii, Echinococcus spp.,
Cryptosporidium spp., Leishmania spp., and Trypanosoma
spp?t. Although most parasitic infections are endemic
diseases rather than epidemics, changes in the
environment, travel, and climate change have led to the
emergence of these infections in new geographic areas?!.
Although less frequently discussed than viral or bacterial
infections, fungal zoonoses are increasingly recognized as
important emerging diseases?2. These infections are
commonly transmitted through direct contact with
infected animals or through environmental exposure to
fungal spores23. Species such as Microsporum,
Trichophyton, Histoplasma capsulatum, and Sporothrix
Spp. can cause zoonotic infections in humans22. An
increased number of immunocompromised patients and
environmental changes have led to an increase in certain
types of zoonotic fungal infections?22.

3.2.1. Severe acute-respiratory-syndrome coronavirus
2

The emergence of severe acute respiratory syndrome
Coronavirus 2 (SARS-CoV-2) inlate 2019 led to the COVID-
19 pandemic, which has been one of the deadliest global
health threats in recent years3. Genetic evidence
suggested a bat origin, although the precise intermediate
host remains uncertain24. SARS-CoV-2 is known to spread
via respiratory droplets and aerosols and demonstrates
efficient human-to-human transmission?. Ongoing
mutations have led to the development of various strains
that differ in transmission rates, pathogenicity, and
immune evasion abilities?4.

3.2.2. Nipah virus

Nipah virus is a highly pathogenic paramyxovirus
maintained in fruit bats of the genus Pteropus?5. Human
beings may become infected through direct exposure to
infected bats, consumption of contaminated foods such as
date palm sap, or contact with domestic animals or other
people?s. Nipah virus causes severe respiratory disease
and encephalitis with high case fatality rates. The Nipah
virus is regarded as a priority pathogen by the World
Health Organization (WHO) due to its epidemic capacity
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and lack of vaccines and antiviral medicines?2e.
3.2.3. H5N1 influenza virus

Highly pathogenic avian influenza A(H5N1) virus
primarily circulates among wild birds and domestic
poultry; however, human infection from the virus has
been reported in rare cases after exposure to infected
birds?7. Although sustained human-to-human
transmission remains limited, the virus has significant
pandemic potential due to its capacity for genetic
reassortment and adaptation?8. Frequent outbreaks in
birds and occasional infections in mammals have led to
fears of the emergence of more infectious strains?8.

3.2.4. Mpox virus

Mpox virus, formerly known as monkeypox virus, is an
orthopoxvirus maintained in wildlife reservoirs,
particularly rodents?°. Traditionally restricted to Central
and West Africa, the recent outbreak of Mpox was seen
around the world starting in 20222°. Human transmission
occurs through direct contact with infected animals,
contaminated materials, or close physical contact with
infected individuals?®. The recent expansion of Mpox into
non-endemic regions underscores the significance of
global surveillance and rapid public health responses3°.

3.2.5. Hantavirus

Hantavirus is carried by rodents and causes
hemorrhagic fever with renal syndrome (HFRS) or
hantavirus  cardiopulmonary = syndrome  (HCPS),

depending on the specific species3l. Human infection
usually occurs through inhalation of aerosolized rodent
excreta rather than through direct animal contact3!.
Changes in the environment, expansion of urban areas,
and increased human intrusions into rodent habitats have
been blamed for the persistence of hantavirus infections
around the world31.

3.2.6. Ebola virus

Ebola virus is a member of the Filoviridae family and
causes severe hemorrhagic fever with high mortality
rates32. Fruit bats have been identified as the most
probable reservoirs, while other non-human primates
have been shown to be the incidental hosts32. Infection in
humans begins through contact with wild animals or body
fluids and is transmitted from one individual to another32.
Recurrent outbreaks in Africa continue to pose major
public health challenges despite recent advances in
vaccine development32.

3.2.7. Marburg virus

The Marburg virus is related to the Ebola virus and
causes hemorrhagic fever that results in high mortality
rates33. Egyptian fruit bats are recognized as the principal
natural reservoir33. There have been rare instances of
outbreaks in sub-Saharan Africa; however, there have
been some sporadic reports of cases being imported into
other parts of the world33. The absence of licensed
therapeutics and the potential for nosocomial
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transmission underscore the need for continued
investigations using appropriate experimental models33.

3.2.8. Crimean-Congo hemorrhagic fever virus

Crimean-Congo hemorrhagic fever virus (CCHFV) is a
tick-borne Nairovirus that is widespread in Africa, Asia,
Eastern Europe, and the Middle East3*. The CCHFV is
maintained by complex cycles of transmission among
Hyalomma ticks and different domestic and wild hosts34.
Humans become infected through tick bites, contact with
infected animal tissues, or exposure to contaminated
blood during healthcare procedures3>. Given its wide
geographical distribution, high mortality rate, and lack of
treatments, CCHFV continues to be one of the most
important emerging zoonotic agents that require close
monitoring and study3>.

4. Pathogenesis zoonotic

diseases

of emerging

The pathogenesis of EZDs is a complex process
characterized by dynamic interactions between
pathogens and hostsl. To be an efficient zoonotic
pathogen, an agent must possess features that enable it to
overcome biological barriers, including cross-species
transmission, immune evasion, and adaptation to new
hostsl. Disease severity depends not only on the
pathogen's intrinsic characteristics but also on host
susceptibility, immune status, genetic background, and
environmental factors* Therefore, the knowledge of
pathogenesis is essential for preventive purposes and the
development of therapeutic approaches and experimental
animal models.

4.1. Host-pathogen interactions

The interactions between hosts and pathogens are the
first and foremost point of zoonosis development3e.
Successful infection begins when a pathogen encounters
susceptible host cells and attaches to specific cellular
receptors through specialized surface molecules3’. The
affinity between host and pathogen can determine host
susceptibility and affect the likelihood of spillover to other
animals38. Mutations that improve receptor binding
affinity may significantly enhance the ability of zoonotic
pathogens to infect humans and establish sustained
transmission3?. After entering host cells, pathogens use
diverse strategies to exploit cellular machinery for
replication while evading host defense mechanisms3°.
Intracellular pathogens manipulate signaling pathways,
block apoptosis, or affect antigen presentation to survive
in the infected host40. On the other hand, extracellular
pathogens use toxins, adhesion proteins, and enzymes to
colonize tissues and spread throughout the host body*.
Interactions between pathogen-derived molecules and
host immunity throughout infection play a major role in
determining the outcome, which can range from
asymptomatic infection to systemic diseasel. Host
genetic variation also contributes to differences in
susceptibility and clinical outcomes*2. Genetic variations
in immune genes, receptor expression, and inflammation
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can influence the pathogen’s ability to enter the host,
replicate, and cause disease*2.

4.2. Mechanisms of host adaptation

The hallmark of emergent zoonotic pathogens
includes the ability to infect a novel host*. Species jumps
by zoonotic pathogens require circumventing
physiological, immunological, and ecological barriers to
infection, which otherwise limit pathogens to their native
reservoirt. Adaptation frequently occurs through the
accumulation of genetic mutations, recombination, or
genome reassortment, enabling pathogens to improve
receptor recognition, replication efficiency, and immune
evasion in the new host*3. RNA viruses have high
adaptability potential owing to their high mutation rates
and error-prone replication processes*t. This genetic
flexibility allows rapid selection of variants with
enhanced transmissibility or altered virulence under
changing environmental or host conditions#4. In contrast,
bacterial and parasitic pathogens often adapt through
horizontal gene transfer, acquisition of virulence
determinants, antigenic variation, or metabolic
flexibility*s. Host adaptation is influenced not only by
microbial evolution but also by ecological factors that
increase opportunities for repeated exposure3’.
Interactions among wildlife, domestic animals, and
humans can enable repeated infections and provide
microbes with opportunities to evolve3’. Adaptation to
humans leads to efficient infection, which in turn enables
human-to-human transmission, thus raising the
possibility of epidemics and pandemics37.

4.3. Immune responses and virulence factors

Laboratory models of infection have been useful in
revealing information regarding the interplay between
pathogen virulence and host immune response in
zoonotic pathogens. Infection studies in laboratory
animals have revealed that the course of disease depends
on the balance between effective pathogen clearance and
potentially harmful immune response activation. Innate
responses, including interferon signaling, complement
activation, phagocytic activity, and inflammatory
cytokine production, constitute early defenses, whereas
adaptive T- and B-cell responses contribute to pathogen
clearance and immunological memory#*647. Mice,
hamsters, ferrets, and non-human primate experimental
infections suggest that a failure of early antiviral
responses may allow for extensive pathogen replication.
In contrast, excessive inflammatory responses can cause
tissue injury and severe disease*t47, Animal models are
important tools in studying the role of pathogen virulence
factors in shaping host adaptation, tissue tropism, and
disease progression. Viral proteins that mediate receptor
interactions, cell entry, IFN antagonism, and immune
evasion can be studied experimentally to assess their
contributions to pathogenesis*®49. Similarly, bacterial,
fungal, and parasitic virulence mechanisms can be
investigated using controlled infection models4s. It is
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important to note that experimental adaptation
investigations has shown that the interaction between
pathogen genetics and host factors may alter a pathogen's
virulence, transmission, and host range?2.

4.4. Disease progression and tissue tropism

The study of pathogen replication, tissue tropism, and
host-response interactions is well facilitated by
laboratory animal models of infection*. Laboratory
infections of mice, hamsters, ferrets, and non-human
primates are wuseful for monitoring pathogen
dissemination and for determining target organs or cells
within the infected organism. Receptor distribution,
cellular compatibility, local immune responses, and
tissue-specific physiological characteristics influence
tissue tropism59. Comparative studies in animal models
have demonstrated that differences in these factors can
substantially affect viral replication, pathological lesions,
and disease severity. In addition, experimental adaptation
may alter pathogen tissue tropism, host range, and
transmissibility, highlighting the importance of selecting
animal models that faithfully reproduce human
diseases%51, Additionally, adaptation in the experimental
environment can result in changes in tissue tropism, host
range, and ability to transmit the virus, emphasizing the
importance of choosing appropriate animal models that
mimic human diseases.

5. Transmission dynamics

Transmissions dynamics play an essential role in
studying the emergence, persistence, and epidemic
potential of zoonotic diseases”8. Animal-to-human
transmission (zoonotic spillover) is a major driver of
disease emergence and occurs when pathogens
maintained in animal reservoirs overcome interspecies
barriers and infect susceptible hosts3652, Wildlife
populations, especially bats, rodents, birds, and non-
human primates, may be considered essential reservoirs
for many diseases, whereas domestic animals could serve
as bridging hosts between people and animals53. Spillover
may occur through direct contact, exposure to body fluids,
aerosols, contaminated food or water, or arthropod
vectors®3. The pathogen load, frequency of host contact,
environmental stability, and host susceptibility affect the
probability of successful transmission52. Following
spillover, some pathogens may acquire efficient human-
to-human transmission, increasing their epidemic
potential>455, Environmental stability could help in
spreading pathogens indirectly due to contamination of
water, food, soil, or other environments56-38, Importantly,
laboratory animal models provided controlled systems for
investigating pathogen shedding, host susceptibility,
transmission efficiency, and adaptation, thereby
complementing field surveillance and improving
understanding of zoonotic spillover mechanisms.

5.1. Reservoir hosts

Reservoir hosts are animal species in which pathogens
naturally persist and replicate without causing substantial
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disease, thereby ensuring their long-term maintenance
within ecosystems>°. Reservoir hosts act as sources of
infection and play an integral role in the epidemiology of
EZDs59. Bats, rodents, wild birds, and some carnivores are
among the most important reservoir hosts of wildlife
identified to date®®. The biological characteristics of
reservoir hosts often facilitate pathogen persistence>°.
Long lifespans, social behavior, large population sizes, and
extensive geographic distribution contribute to the
continuous circulation of pathogens within these
species®l. Often, reservoir hosts have developed specific
mechanisms of their immune response that allow them to
carry persistent infections without experiencing any
damage from them?>°. Identifying natural reservoirs is
essential for wunderstanding pathogen ecology and
designing effective surveillance programs®2, However,
reservoir identification is difficult because many species
of wildlife carry different types of microorganisms, and
just because a pathogen is detected does not mean it is a
reservoir®3. The challenge of identifying reservoir hosts is
that many species of wildlife carry different
microorganisms; therefore, their presence is not evidence
that they are reservoirs®s.

5.2. Intermediate hosts

Intermediate hosts, also known as amplification or
bridging hosts, aid in the transmission of pathogens from
reservoir hosts to humans®4 Unlike reservoir hosts,
intermediate hosts often develop clinical disease and may
support extensive pathogen replication, thereby
increasing opportunities for cross-species transmissions4.
Domestic animals often serve as intermediate hosts since
they are in close contact with wildlife and humansé.
Intermediate hosts may enhance zoonotic emergence by
increasing pathogen abundance, promoting genetic
adaptation, or bringing pathogens into closer contact with
human populations®4. In certain instances, pathogens may
be subjected to evolutionary processes while in
intermediate hosts that favor receptor binding,
transmissibility and virulence prior to infection of
humanss4. Consequently, understanding the ecological
role of intermediate hosts is critical for interrupting
transmission chains and reducing spillover risk54.
Nevertheless, the role of intermediate hosts varies
considerably among pathogens>*. There are some
zoonoses that do not require intermediate hosts and are
directly transmitted from wildlife to humans while others
need complicated transmission chains that incorporate
vectors, domestic and wildlife species®s.

5.3. Factors influencing spillover

Spillover is a multifactorial process arising from
complex interactions among pathogens, hosts, and
environmental factors rather than a single biological
event3. For successful spillover to occur, a number of
factors need to coincide, which are pathogen exposure,
host susceptibility, ecological opportunity, and pathogen
adaptation!!. Environmental changes such as climate
change, deforestation, habitat fragmentation, biodiversity
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loss, and urban expansion have substantially increased
contact between wildlife and human populations>1643,
Such changes have destroyed natural ecosystems and
created new ecological interfaces where spillover can
take place. Likewise, globalization, international travel,
wildlife trade, and intensified agriculture promote the
rapid spread of pathogens across geographical areas>2. In
addition, microbial evolution plays a central role in
spillover. Genetic mutations, recombination,
reassortment, and horizontal gene transfer may enhance
host receptor recognition, immune evasion, or
replication efficiency, enabling pathogens to infect new
host species®®. At the same time, host-related factors
including age, genetic susceptibility, nutritional status,
immune competence, and underlying medical conditions
influence individual vulnerability following pathogen
exposureoo.

6. Laboratory animal models in zoonotic
disease investigations

Animal models used in laboratory experiments are an
extremely important resource in the study of zoonoses,
serving as a means of investigating pathogen biology,
host reaction, pathogenesis, and the effects of vaccines
and medications®’. Since there is a range of zoonotic
pathogens with complicated pathogen transmission
cycles and pathogenic mechanisms, in vivo experiments
continue to be extremely necessary for studying disease
mechanisms that cannot be replicated by other methods
such as cell cultures or computer simulationé’. Although
advances in organoid and organ-on-chip technologies
have expanded experimental capabilities, animal models
remain the gold standard for studying host-pathogen
interactions in a physiologically relevant context®8.
Selecting an appropriate animal model requires careful
consideration of the biological characteristics of both the
pathogen and the host. The selection of an animal model
is highly dependent on the biology of the pathogen and
the host (Table 1).

6.1. Mouse

Mice are the most widely used laboratory animals for
studies of infectious diseases thanks to their well-
established genetics, rapid reproductive cycles, low
maintenance costs, and abundance of molecular and
immunological tools. However, conventional strains
such as BALB/c and C57BL/6 often fail to support
infection by emerging zoonotic pathogens due to
species-specific differences in receptors and immune
responses®. To overcome the limitations mentioned
above, humanized mice, which are the result of
inoculating human immune cells and tissue into
immunodeficient recipients, were created, enabling the
investigation of human immune responses to zoonotic
pathogens and potential antiviral medicines. However,
these mice are technically demanding, expensive, and
variable in reconstitution??. In addition, there are
transgenic mice with human gene expression, which is
useful in studying zoonoses because of the ability to
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examine viral infection, progression of the disease,
immune reaction, and test vaccines and antivirals on
them7172, Conventional mice are important for basic
studies, while humanized and transgenic models expand
research on human pathogens and improve preclinical
investigations of zoonotic relevance®®.

6.2. Hamster

Hamsters, particularly the Syrian hamster
(Mesocricetus auratus), have become one of the most
valuable small-animal models for studying emerging
zoonotic viral diseases because they are naturally
susceptible to many human pathogens without extensive
genetic modification. Hamsters often exhibit pathology
similar to human diseases, making them very useful for
translational studies?3. A major advantage is their ability
to support efficient viral replication in both the upper
and lower respiratory tracts, making them indispensable
for studying respiratory pathogens such as SARS-CoV-2
and influenza viruses7475. The infected hamsters display
weight loss, inflammatory responses in the lungs,
pneumonia caused by viruses, and immune responses
which very much resemble the disease in humans7475,
These features have established hamsters as a preferred
model for investigating viral pathogenesis, transmission
dynamics, immune responses, and post-infection
pulmonary pathology. Additionally, hamsters are
commonly employed in the pre-clinical testing of
vaccines, antiviral drugs, and monoclonal antibody
treatments because of the ease of housing them in large
numbers and their moderate cost?3. Nonetheless,
hamster models are not without flaws, such as having far
fewer immunologic agents specific to the species
compared to mice, thus making mechanistic studies
difficult7e,

6.3. Ferret

Ferrets (Mustela putorius furo) are considered among the
most valuable animals for studying respiratory zoonotic
viruses because of the strong anatomical and
physiological similarities between ferret and human
respiratory systems. This similarity in respiratory
systems includes similarities in airway architecture,
receptor distribution, and viral replication patterns,
enabling them to exhibit many facets of naturally
acquired respiratory infections’’. Ferrets have been
extensively used to study influenza viruses, including
highly pathogenic avian influenza A(H5N1), as well as
SARS-CoV and SARS-CoV-2. In contrast to many other
rodents, ferrets easily transmit respiratory viruses to
each other through direct contact and droplets of
breathing, which makes them useful in the study of
transmission of these viruses’8. Since ferrets serve as an
excellent model for studying respiratory infection, these
animals are extensively used to assess viral virulence,
infection transmissibility, and the efficacy of public
health measures, vaccines, and antivirals prior to
conducting clinical trials’8. Nonetheless, several
obstacles to conducting ferret studies exist, including the
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high cost of acquiring the animals, specific housing
requirements, and limited availability of immunological
reagents, all of which constrain the use of ferrets in
investigations. Relatively few genetically modified ferret
strains are available compared with mouse models,
reducing opportunities for detailed molecular
investigations.

6.4. Guinea pig

Guinea pigs (Cavia porcellus) play a crucial role in
studies of zoonotic diseases due to their susceptibility to
different bacterial and viral pathogens and their ease of
maintenance in laboratory settings. Guinea pigs have
proved valuable models for the study of diseases such as
tuberculosis, leptospirosis, brucellosis, and other
bacterial zoonoses. More recently, guinea pigs have
become objects of study for specific viral hemorrhagic
fever and respiratory disease viruses’?. A notable
advantage of guinea pigs is their ability to develop
pathological lesions that resemble certain aspects of
human disease, particularly in pulmonary infections.
Guinea pigs are now essential for evaluating pathogen
spread, inflammation, and vaccine effectiveness. In some
virus infection models, guinea pigs can harbor virus
replication without much genetic engineering, thus
enabling the investigation of disease development in
relatively natural conditions80. Moreover, guinea pigs
serve as practical models for pharmacological and
toxicological evaluations due to their manageable size
and straightforward husbandry requirements, and their
use in vaccine development has contributed to the

preclinical evaluation of several experimental
immunization strategies®?.
6.5. Rabbit

Rabbits (Oryctolagus cuniculus) have long been used
in biomedical research and continue to provide valuable
experimental systems for selected zoonotic diseases81.82,
The large body size of these animals, compared with
rodents, allows blood sampling, more complex imaging,
and observation of physiological parameters without
interfering with the experiment8l. The rabbit models
have been used in studies of bacterial infections such as
anthrax, tularemia, and Q fever, as well as in
investigations of some viral diseases®. Rabbits show
clinical symptoms and pathological changes similar to
those in humans, thereby enabling study of the disease
course, vascular lesions, and tissue damage 83. Rabbits
have also been extensively used to evaluate vaccine
safety, immunogenicity, and antibody production
because of their robust humoral immune responsess.
Another strength of rabbits is their suitability for
surgical experiments and multiple tissue sampling,
which allow for stage-specific pathology analysis of the
infection process82. Their intermediate body size also
supports pharmacokinetic studies that require repeated
administration and sampling82. Despite these strengths,
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rabbits are less commonly used than mice or hamsters

because of higher maintenance costs, longer
reproductive cycles, and more limited genetic
resources8s. Susceptibility differences among species

further reduce the applicability of rabbits to EZD
models82,

6.6. Non-human primates

Non-human primates (NHPs), including macaques,
green monkeys, baboons, and marmosets, serve as the
most relevant models for emerging zoonotic pathogens
because of their close genetic and immunological ties to
humans. This similarity enables NHPs to exhibit human-
like clinical signs, immune responses, and multiorgan
pathology. Consequently, they are vital for studying
high-impact viruses such as SARS-CoV-2, Ebola, Marburg,
and Nipah, as well as for identifying protective immunity
markers and validating vaccines before human clinical
trials trials8687. Their compatibility with advanced
techniques such as single-cell transcriptomics and
imaging offers exceptional precision; however, high
costs, specialized housing, biosafety requirements, and
ethical considerations restrict their use. Therefore, NHPs
are designated for late-stage studies when smaller
models are insufficient insufficient86. Overall, together
with hamsters, ferrets, guinea pigs, and rabbits, NHPs
offer complementary advantages, and model selection
depends on the pathogen, study goals, and the balance
among translational value, feasibility, and ethics®8s.

6.7. Alternative animals

While rodents and NHPs represent the major zoonotic
animal models, other models such as tree shrews, cotton
rats, fruit bats, and zebrafish are being considered due to
their unique features, their ability to address certain
questions, and their adherence to the 3Rs policy®8. Tree
shrews are evolutionarily closer to primates than to
rodents, are susceptible to influenza, hepatitis, and
coronaviruses, and offer an intermediate model at lower
cost than NHPs. However, standardized reagents and
genetic approaches for studying tree shrews are
lacking®?. Cotton rats are naturally susceptible to human
pathogens such as influenza and RSV, lack adaptation to
these viruses, and develop severe pulmonary
inflammation. However, cotton rats, as animal models,
lack immunological and genetic tools?0. The fruit bat is a
natural reservoir host for several highly pathogenic
viruses, including Nipah, Hendra, Ebola, and Marburg.
However, there are various limitations associated with
their use, including housing, biosafety concerns, and
ethical considerations®l. Zebrafish offer rapid
reproduction, genetic tractability, and optical
transparency for real-time imaging of innate immunity
and infection dynamics, though they are physiologically
distant from mammals and unsuitable for respiratory
studies?2. However, the physiological differences from
mammals, as well as their inability to serve in
respiratory investigations, limit the use of these animals.
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Table 1. Comparative characteristics of laboratory animals used in emerging zoonotic disease studies

Animal model

Major advantages

Principal limitations

Representative zoonotic pathogens Primary study applications

Low cost, rapid breeding,

Conventional abundant immunological Limited susceptibility to
mice tools, extensive genetic several human pathogens
resources
. Human immune system Expensive, technically
Humanized . L
. components, improved demanding, incomplete
mice . . s
translational relevance immune reconstitution
. Expression of human -
Transgenic . . Development is time-
. receptors, precise genetic .
mice consuming and costly

manipulation
Natural susceptibility,
human-like respiratory
disease
Human-like respiratory

Limited molecular and

Syrian hamster . .
immunological reagents

High maintenance cost,

Ferret hysiology, efficient o .
Py &y o limited genetic tools
respiratory transmission
Susceptibility to bacterial .
. . p Y Few transgenic models,
Guinea pig pathogens, moderate o
- limited reagents
maintenance cost
Larger body size, stron .
. se y & Longer breeding cycle,
Rabbit antibody responses, o .
: limited genetic resources
repeated sampling
Non-human C.lo§est. physiological Et}ucal concerns, very
. similarity to humans, high cost, specialized
primates . . e
highly translational facilities
Genetic similarity to
primates, suitable for Limited laboratory
Tree shrew -
respiratory and resources
neurological studies
Natural susceptibility to -
Cotton rat . Y y Limited molecular tools
respiratory viruses
. Natural reservoir host, Difficult husbandry,
Fruit bat A . .
reservoir biology studies biosafety concerns
Optical transparency, o .
) . . L Limited mammalian
Zebrafish rapid genetics, high-

throughput screening physiological similarity

Influenza viruses, Leptospira,
Brucella, Toxoplasma

Immunology, pathogenesis,
vaccine and drug evaluation

Human immune responses,
monoclonal antibodies, vaccine
development

SARS-CoV-2, HIV-related study,
emerging viral infections

SRS Covn, TGEey, Ml Coeeeo B0 e geest

antiviral testing

SARS-CoV-2, influenza viruses, Nipah
virus

Respiratory pathology,
transmission, therapeutics

. Transmission studies, vaccine
Influenza viruses, SARS-CoV-2 .
evaluation
. . Bacterial pathogenesis, vaccine
Brucella, Leptospira, influenza viruses P 56

studies
Immunogenicity, pathology,

Anthrax, tularemia, Q fever e
Q pharmacokinetics

Advanced pathogenesis, vaccine
validation, therapeutic
development

SARS-CoV-2, Ebola, Marburg, Nipah
virus

. . Host adaptation, respiratory
Influenza viruses, coronaviruses - -
infections
Respiratory pathogenesis,
vaccine evaluation
Reservoir ecology, viral
persistence, spillover
mechanisms
Innate immunity, host-
pathogen interactions, drug
screening

Influenza viruses, RSV

Ebola, Marburg, Nipah, Hendra
viruses

Selected bacterial and fungal
pathogens

HIV: Human immunodeficiency virus, RSV: Respiratory syncytial virus, SARS-CoV-2: Severe Acute Respiratory Syndrome Coronavirus 2, MERS-CoV:

Middle East respiratory syndrome-related coronavirus

7. Contributions of animal models to

understanding disease pathogenesis

Animal studies have furthered knowledge regarding
zoonotic infections by allowing reproduction of human
diseases in a controlled environment to understand viral
replication, immune response, tissue damage, and disease
progression and to test therapies and biomarkers?. For
viral replication, models such as mice, hamsters, ferrets, and
NHPs have helped identify target cells, track viral
dissemination, and evaluate shedding patterns, guiding
antiviral development’178, Regarding immune mechanisms,
animal studies have indicated roles for interferons,
macrophages, T lymphocytes, and antibodies, with
genetically modified mice providing valuable insights into
how specific immune pathways can be linked to either
resistance or susceptibility to disease?*. For organ-specific
pathology, these models have enabled systematic
examination of lesions in the lungs, liver, brain, and other
organs, revealing mechanisms of tissue injury and
multiorgan involvement that are difficult to study in
humans?s. Animal models have demonstrated that excessive
cytokine production causes serious disease through
endothelial damage and vascular leakage, providing
evidence for the use of anti-inflammatory medicines®. In
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addition, animal studies are increasingly being used for
studying chronic effects, such as fib%. Moreover, animal
models are increasingly used to investigate long-term
sequelae, such as fibrosis, neurological impairment, and
immune dysregulation after recovery, thereby aiding the
development of interventions to prevent chronic damage?’.
Animal models have helped bridge the gap between the
virus's biological properties and the host's immune
response, with this knowledge vital for the development of
vaccines, antiviral medicines, and other therapeutic agents.

8. Animal models for therapeutic and vaccine
development

Animal models play a key role in the preclinical
assessment of potential vaccines and therapeutics against
EZDs through providing controlled settings to analyze
safety, effectiveness, pharmacokinetics, and immune
response prior to human trials®. For the evaluation of
antiviral medicines, small animals such as mice and
hamsters are utilized for preliminary screening. In
contrast, non-human primates validate promising
candidates through studies of dosing, toxicity, and
therapeutic efficacy®®87. Animal models such as mice,
hamsters, ferrets, and NHPs assist in studying the
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effectiveness of vaccination by assessing the generation of
antibodies, cell-mediated immune response, and
protection against challenge, including virus infection and
transmission®387, Furthermore, animal models have been
invaluable for passive immunotherapy, allowing
assessment of the timing, dosage, and protective effects of
antibody transfer, particularly during outbreaks when
other options are limited®4. For monoclonal antibodies,
animal models enable the identification of neutralizing
antibodies, the evaluation of antiviral activity, and the
testing of combination therapies against viral variants100,
Additionally, Animal models have been useful for novel
therapeutic modalities such as host-targeted therapies,
RNA therapies, genome editing, and nanotechnology101.

9. Prevention and control strategies

Prevention of EZDs requires concerted initiatives that
integrate human, animal, and environmental health
through a multidisciplinary approach, including early
detection and intervention, with laboratory animal models
still used in the development of preventive measures. The
One Health approach fosters collaboration among
physicians, veterinarians, ecologists, and public health
professionals to improve surveillance and risk
assessment!92, Surveillance systems that integrate human,
veterinary, and environmental components will enable
rapid pathogen detection and early intervention before the
disease spreads widely!93. Vaccination remains a key
preventive tool for humans, domestic animals, and wildlife,
with animal models playing a crucial role in preclinical
evaluation of vaccine safety and efficacy04. Biosecurity
measures such as proper farm management, infection
control, safe animal handling, and sanitation help reduce
transmission at the human-animal interfacel05. Wildlife
surveillance is important since wildlife form the main
reservoirs of many emerging infectious diseases, while
ecologic surveillance is useful in evaluating the chances of
disease spillover to humans and preventing the
problem34. Preparedness in public health involves
enhancing laboratory capacity, diagnostic techniques,
emergency planning, and public education*3. Effective
prevention depends on an integrated strategy combining
surveillance, vaccination, biosecurity, wildlife monitoring,
and coordinated action within the One Health framework.

10. Conclusion

Emerging zoonotic diseases pose significant threats to
global health due to increasing human-animal
interactions, environmental changes, and pathogen
evolution. Understanding pathogen transmission, host
adaptation, and disease pathogenesis is essential for the
development of effective preventive and therapeutic
strategies. Laboratory animals play a crucial role in
understanding host-pathogen interactions, exploring
immune responses, and evaluating the safety and efficacy
of vaccines and new therapies. Although no single animal
model fully reproduces human disease, the
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complementary use of conventional, genetically
engineered, and alternative models has substantially
advanced translational investigations. Emerging

technologies, including organoids, organ-on-chip systems,
and computational approaches, are expected to enhance
rather than replace animal-based studies. Future studies
should integrate advanced experimental models with
multidisciplinary One Health approaches to improve
disease  surveillance and accelerate therapeutic
development for emerging zoonotic threats.
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